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Indian Standard 

RECOMMENDATIONS FOR 
GENERAL PIPELINE WELDING 

0. FOREWORD 

0.1 This Indian standard was adopted by the Indian Standards Institution 
on 13 May 1982, after the draft finalized by the Welding General Sectional 
Committee had been approved by the Structural and Metals Division 
Council. 

0.2 This standard has been prepared to fulfil the long felt need for a 
standard for welding pipeline. It recommends requirements for pipeline 
welding in general for various applications. 

0,3 This standard keeps in view the practice prevailing in the country in the 
field. Assistance has also been derived from the following publications : 

API STD 1104 : Standard for welding pipelines and related facilities, 
14th edition, January 1977. American Petroleum Institute. Wash- 
ington, D.C. 

BS 2633 : 1973 Class I arc welding of ferritic steel pipework for carry- 
ing fluids. British Standards Institution. 

0.4 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expressing 
the result of a test, shall be rounded off in accordance with IS : 2-1960*. 
The number of significant places retained in the rounded off value should 
be the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard recommends the procedure for shop and site welding of 
ferritic steel pipe and pipe assemblies used in the transmission and distri- 
bution of liquids, refrigerants and gases, the welding may be done by the 
following processes : 

a) Manual metal-arc welding, 

b) Oxy-acetylene welding, 

c) Inert-gas tungsten arc welding, 

d) Gas shielded metal-arc welding, 

•Rules for rounding off numerical values {r$vistd), 

3 
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e) Submerged-arc welding, 

f ) Metal-arc welding on root run made by oxy-acetylene welding 
process, 

g) Metal-arc welding on root run made by inert-gas tungsten arc 
welding process, and 

h) Submerged-arc welding on root run made by gas shielded metal- 
arc welding process. 

1.2 The welds may be produced with the pipe assembly held stationery or 
with the pipe assembly being rotated while the weld metal is deposited at 
or near the top centre. A combination of these positions may also be used, 

1.3 This standard also covers recommendations regarding standards of 
acceptance to be applied to production welds tested to destruction or in- 
spected by non-destructive testing methods, 

2. TERMINOLOGY 

2.1 For the purpose of this standard the definitions given in IS : 812-1957* 
shall apply. 

3. WELDING SYMBOLS 

3.1 The graphical symbols as given in IS : 813-1961f shall apply. 

4. MATERIAL 

4.1 Pipes and Fittings — This standard applies to welding of pipes and 
fittings made from the types of steel listed in Table 1. It the material for a 
permanent pipe attachment ( for example anchors and brackets ) is not of 
the same composition as the main pipe, agreement between the purchaser 
and the manufacturer shall be obtained regarding the combination of 
materials to be used. 

4.2 Condition of Pipes — Pipe work shall be jiut into service in one of the 
heat treated conditions: 

a) normalized 

b) normalized and tempered 

c) annealed 

4.2,1 The normalized condition involves the following steels: 
Carbon steel < 0-25C 
Carbon steel > 0-25C < 040C 
1 Cr i Mo 



♦Glossary of terms relating to welding and cutting of metals, 
tScheme of symbols for welding. 
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TABLE 1 PARENT METALS 






( Clause 4.1 ) 




Material 


Pipe Standards Pipe Fittings 


Flange 


Composition 


Standards 


Standards 


0) 


(2) (3) 


(4) 


Carbon steel 


IS : 1239 ( Part I ) IS : 1239 ( Part II ) 


IS : 6392 


< 0-25C 


IS: 1914 (Part II), 
IS: 1914 (Part III), 
IS:1914Part-IVGr I, 
IS:1978GrYstl8and 

Yst21 

IS : 3589 

IS: 5504 

IS: 6631 

r IS; 1914 (Part IV) 

Gr2 Part IV 




Carbon steel , 
>0'25<0-4C 


IS: 1978GrYst25 — 
IS: 1979 
IS : 5504 

IS : 6286 Gr 1 and 
Gr2. 




1-CrjMo 


IS : 3609 Section 2 & 3 _ . 
lS:6630Gr5 Cr 90 

Mo 55 — 


IS : 6392 


liCrJMo 


— — 


— 


2J Cr 1 Mo 


IS: 3609 Section 4 &5 — 
IS: 6630 Gr 10 Cr 2 
Mol 


IS: 6392 


J Cr i Mo J V 


IS: 6630 Gr 14 Cr 45 — 
Mo 60 V 27 "* 


— 



SCrJMo IS: 6630 Gr 10 Cr 5 — — 

Mo 55 
7Cr}Mo —— — — 

9 Cr 1 Mo — — — 

3JNi — — — 

9Ni — — — 

Note — The following Indian standards are referred to in the above table. 

IS: 1239 ( Part I )-1979 Mild steel tubes, tubulars and other wrought steel 

fittings: Part I Mild steel tubes (fourth revision ) 
IS: 1239 (Part II )-1969 Mild steel tubes, tubulars and other wrought steel 
fittings : Part II Mild steel tubulars and other wrought steel 
pipe fittings ( second revision ) 
IS : 1914 (Parts I to IV )-1977 Carbon steel boiler tubes and superheater tubes 

(first revision ) 
IS : 1978-1971 Line pipe (first revision ) 
IS : 1979-1971 High test line pipe (first revision ) 
IS : 3589-1981 Electrically welded steel pipes for water, gas and sewage ( 150 to 

2 000 mm nominal size ) < first revision ) 
IS : 3609-1966 Chrome molybdenum steel, seamless, boiler and superheater tubes } 
IS : 5504-1969 Spiral welded pipes 

IS : 6286-1971 Seamless and welded steel pipe for sub-zero temperature service \ 
IS: 6392-1971 Steel pipe flanges 

IS : 6630- 1 972 Seamless ferritic alloy steel pipes for high temperature service 
IS : 6631-1972 Steel pipes for hydraulic purposes 
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Pipes should be in a normalized condition prior to welding so that 
the post-weld treatment would be a local stress relief of the weld, although 
certain relaxations are permitted in accordance with the conditions given 
under Appendix E. 

4.2.2 The normalized and tempered condition involves the following 
steels: 

1 J Cr \ Mo ; \ Cr \ Mo £ V ; 2J Cr 1 Mo ; 5 Cr \ Mo ; 
7 Cr \ Mo ; 9 Cr 1 Mo ; 3 \ Ni and 9 Ni 

The fabricator has two choices: 

a) To use pipes that are in a normalized condition prior to welding, 
in which case, following completion of welding, the pipe work 
would have to be tempered in an enclosed furnace. 

b) To use pipes that are in a normalized and tempered condition 
prior to welding in which case, following completion of welding, 
the welds only need be given a local stress relief treatment, 
although certain relaxations are permitted in accordance with 
the conditions given under Appendix E. 

4.2.3 The annealed condition involves the following steels: 

1J Cr £ Mo ; 2J Cr 1 Mo ; 5Cr £ Mo ; 7Cr | Mo ; 9 Cr 1 Mo 

Using the pipes in the annealed condition prior to welding, 
completed welds would be given a local stress relief heat treat- 
ment. 

Note — i Cr J Mo JV steel pipes are not normally supplied in the 
annealed condition since stress relieving alone will not put the material into 
its best condition for creep resistance. 

4.3 Electrodes and Filter Materials 

4.3.1 Electrodes and filter materials shall produce weld metal that meets 
:he following requirements. 

4.3.1.1 Mechanical properties — fhc mechanical properties of the 
veld metal joint made by weld metal mentioned above shall be suitable 
'or the design requirement of the pipe system. In general, the mechanical 
properties should be at least equal to the minimum in the specification for 
;he parent metal or that of the lower strength parent material in the case of 
ioints between different materials. 

4.3.1.2 Chemical composition — In general the weld metal should be 
sf similar or matching chemical composition to that of the parent metal. 
[t is not always desirable, for reasons of weldability or behaviour in 
service, to use an exactly equivalent chemical composition, nor is it essen- 
:ial for design purposes. The use of 2£ Cr 1 Mo weld metal on J Cr £ 
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Mo IV pipe work is an example of this concept; the use of J Cr } Mo JV 
weld metal is deprecated. When weld metal having a different chemical 
composition from that of the parent material is used, the purchaser's specific 
agreement shall be obtained. 

4.3.2 Table 2 gives the details of the Indian Standards covering the types 
of electrodes and filler materials that will give weld metal having a chemical 
composition similar to that of the parent material. It also provides a guide 
to the limits of permissible relaxation in chemical composition of the weld 
metal relative to that of the parent metal by giving alternative types of 
electrodes and filler materials that may be used under the condition 
imposed by 4.3.1.2. 



TABLE 2 


INDIAN STANDARDS FOR ELECTRODES AND FILLER WIRES 


Material 
Classifi- 
cation 


Preferred 

a. — 


Alternative 

Chemical , 

Composition 

( Deposited 

Metal ) 

Where 

Permitted 

(set 4.3.1.2) 


Alternative 

Covered 
Electrodes 


by Agreement 


Covered 
Electrodes 


Bare Elec- 
trodes and 
Welding 
Rods for Gas 
Shielded 
Processes 


Bare Elec- 
trodes and 
Welding 
Rods for Gas 
Shielded 
Processes 


(i) 


(2) 


(3) 


(4) 


(5) 


(6) 


Carbon 
steel 
< 025G 


IS: 814 
EXXX-41X 


IS : 6419 
SI, S3, S4 






" 


Carbon 

steel 
> 0*25C 
<0"4C 


IS: 814 
EXXX-51X 


IS: 6419 
S2 


Carbon 
steel 
< 0*25C 




IS: 6419 
S3, S4 


ICrJMo 
ljCrJMo 


IS: 1395 
E55X-B2 


IS : 6560 
SLA-3 


C-Mo 


IS ; 1395 

E50X-A1 


IS: 6560 
SLA-1, 
SLA-2 


2iCrJMo 


IS: 1395 
E63X-B3 


IS : 6560 
SLA-4 


iCrJMo ex- 
cept where 
corrosion 
resistance is 
important 


IS: 1395- 
E55X-B2 


IS : 6560 
SLA-3 


JCrJMoJV 


IS: 1395 
E63X-B3 


IS : 6560 
SLA-4 


No alterna- 
tive to use of 
2JCrMo 


"^ 


— 


SCrJMo 


IS: 1395 
E41X-B6 


IS: 6560 
SLA-5 


Molybdenum 
bearing aus- 
tenitic or 
high nickel 
alloy weld 
metal 


IS : 5206 
MB02Mo 


IS : 5856 
S-B02Mo 

( Continued ) 
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TABLE 2 INDIAN STANDARDS FOR ELECTRODES AND 
FILLER WIRES — Contd 


Material Preferred 


Alternative 

Chemical 

Composition 

( Deposited 

Metal ) 

Where 

Permitted 

{see 4.3.1.2) 


Alternative 


by Agreement 


Classifi- /~— -* 

cation Covered 
Electrodes 


- - ■■ ■> 

Bare Elec- 
trodes and 
Welding 
Rods for Gas 
Shielded 
Processes 


r'- 
Covered 

Electrodes 


Bare Elec- 
trodes and 
Welding 
Rods for Gas 
Shielded 
Processes 


(1) (2) 


(3) 


(4) 


(5) 


(6) 


7CrAMo IS: 1395 
E41X-B7 




9CrlMo or 

molbydenum 
bearing aus- 
tenitic or 
high nickel 
alloy weld 
metal 


IS: 1395- 
E41X-B8 
IS : 5206 
MB02MO 


IS: 5856 

SB02Mo 


9CrlMo IS: 1395 

E41X-B8 




Dissimilar 
weld metal 
such as high 
nickel alloy 
can be used 






3J Ni - 




Nickel base 
alloy weld 
metal 


IS: 1395 
E 55 X-C2 


~~~ 


9Ni — 




No alter- 
native to use 
of nickel 
base alloy 
weld metal 







Note — The following Indian Standards are referred to in the above table : 

IS : 814 ( Part I )-1974 Specification for covered electrodes for metal arc welding 
of structural steel: Part I For welding products other than 
sheets {fourth revision ) 

ISt 814 (Part II)-1974 Specification for covered electrodes for metal arc 
welding of structural steel: Part II For welding sheets {fourth 
revision) 

IS : 1395-1982 Low and medium alloy steel covered electrodes for manual 
metal arc welding ( third revision ) 

IS ; 5206-1969 Corrosion-resisting chromium and chromium-nickel steel covered 
electrodes for manual metal arc welding 

IS : 5856-1970 Corrosion and heat-resisflh# chromium-nickel steel solid welding 
rods and bare electrodes 

IS: 6419-1971 Welding rods and bare electrodes for gas shielded arc welding 
of structural steel 

IS: 6560-IQ72 Molybdenum and chromium-molybdenum low alloy steel 
welding rods and base electrodes for gas shielded arc welding. 



8 
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4.4 Shielding Gases — Atmospheres for shielding an arc may consist of 
inert gases, active gases or mixture of inert and active gases. The shielding 
atmosphere to be used shall be qualified for the material and the welding 
process. 

5. QUALIFICATION OF WELDING PROCEDURE 

5.1 Procedure Qualification — Prior to starting the production welds a 
detailed procedure specification shall be established and qualified to demons- 
trate that welds having suitable mechanical properties and soundness can be 
produced by this procedure. The quality of welds shall be determined by 
destructive testing. These procedures shall be adhered to except where a 
change is specially made as per 5.4. 

5.1.1 It is recommended that welding procedure approval tests carried out 
in accordance with this standard and witnessed by an independent inspecting 
authority should be accepted by other inspecting authorities provided that 
all the provisions have been fulfilled. 

5.2 Records — The details of each qualified procedure shall be recorded to 
show complete results of the procedure qualification tests. Recommended 
proformae for recording are given in Appendix A. 

5.3 Procedure Specification — The procedure specification shall include the 
following : {see Appendix B ) 

a) Process 

( Identify the specific process utilized and whether manual, semi- 
automatic, or automatic or any combination of these). 

b) Pipe and fitting material 

c) Diameter and wall thickness and matching of bores. 

The bores of the ends adjacent pipes and fittings and the 
alignment may vary within limits given in Table 3. The ends of 
pipes and fittings supplied to standard tolerances may not match, 
especially if placed together at random. Additional worksmanship 
may therefore be required to ensure the alignment specified in 
Table 3. The welding of pipe joints requires proper matching of 
pipe ends at each joint, before welding. Matching may be effected 
by selection, drifting, machining or by the use of a suitable 
expander. When drifting or expanding hot, the temperature and 
taper of drift shall be as agreed in the procedure specification. 

d) Joint design 

( Shape of the groove, angle of bevel, size of root face, root gap, 
shape and size of fittings, type of backing material, if used, shall 
be indicated. See Fig. 1 to 7 for examples of joints ). 
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TABLE 3 SIZE AND ALIGNMENT— BUTT JOINT PREPARATION 

( Clause 5.3 ) 

Maximum Permissible Difference In Internal Diameter 



Bore 



Cover 


Up to and 


t — - ■■■ - 

Processes other than 


TIG-Welding 


;. Close 


TIG-Wel- 




Including 


TIG-Welding 


Butt Welds 

i *■ % 

WithFusi- With Filler 


ding with 
Root Gap 




With Back- 


Without 






ing Ring 


Backing 
Ring 


ble Insert 
or without 
Filler Wire 


Wire 




mm 


mm 


mm 


mm 


mm 


mm 


mm 


CI) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


— 


100 


0-4 


0-8 


0-4 


0-8 


0-8 


100 


300 


0-4 


1-6 


0-4 


0-8 


1-6 


300 


— 


08 


2-5 


— 


1*2 


2-5 




Maximum out 


of Alignment at the Bore 






— 


100 


04 


0-8 


0'4 


08 


0*8 


100 


300 


0*4 


1-6 


0-4 


0-8 


1*6 


300 


— 


0*8 


1-6 


— 


0-8 


1*6 



e) Filler material and minimum number and sequence of beads ( Size 
and classification of filler material, minimum number and sequence 
of beads). 

f ) Electrical characteristics 

( Current, polarity, range of voltage and amperage for each size of 
electrode, rod or wire should be indicated ) 

or 
Flame characteristics 

( Indicate whether neutral carburizing or oxidizing, size of torch 
tip for each size of rod or wire ). 

g) Position 

( Whether welding is done with the pipe stationery or with the pipe 
rolling), 

h) Direction of welding 

( Whether vertical-up or vertical-down ) 
j) Number of welders 

( Minimum number of root bead welders, and minimum number of 

second bead welders). 

10 
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k) Time lapse between passes 

(Maximum time between completion of root bead and start of 
second bead; maximum time between the completion of second 
bead and start of other beadsV 

m) Cleaning 

( Indicate if hand tools or power tools used ). 



10 min. 




RING +12 APPROX. 

-SLOPE NOT TO EXCEED 1 IN U 

!A Single-V (Generally for Pipes 

up to 19 mm Thick ) with Parallel 

Backing Ring 




0<6max 



APPROX. 



IC Single-V (Generally for Pipes 

up to 19 mm Thick ) with 

Taper Backing Ring 




L 0*8max. 

WIDTH OF BACKING 



RING +12 APPROX 

SLOPE NOT TO EXCEED HN<- 

IB Double Angle-V (Generally for 

Pipes 19 mm Thick and Over ) with 

Parallel Backing Ring 

6min 




ID Double Angle-V (Generally for 

Pipes 19 mm Thick and Over ) with 

Taper Backing Ring 



All dimensions in millimetres. 
•This dimension may be reduced to 4 mm Min in the case of joints in vertical pipes. 

Fig. 1 Butt Joint Preparations for Use with Metal-Arc 
Welding with Backing Ring for Single or Double Root Run 



11 
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25 12TP : ^ 



2A Single- V with Taper Backing Ring ( Generally for Pipes up to 44 mm Bore ) 



H I - 6 + 0-8 




Vol 



25~±2^ 



2ft Drifted Pipe Ends with Taper Backing Ring (Generally for Pipes 
up to 44 mm Bore) 

All dimensions in millimetres. 

Fig. 2 But- Joint Preparations for Use with Metal Arc 

Welding with Backing Ring Where Protrusion into the 

Bore is not Permissible 



12 
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1-5TO 4 
3A Single-V ( Generally for Pipes up to 19 mm Thick ) 



o o 

35-45 




2T0 4 



3B Double Angle-V ( Generally for Pipes 19 mm Thick and Over ) 
Note — The actual gap will vary according to the welding process and welding 
position used. 

All dimensions in millimetres. 

Fig. 3 Butt Joint Preparations for Use with Metal-Arc 
Welding Without Backing Ring 



WSA//S/M V\\\\K\\\\\ 



-ROOT GAP 0+1-5 



-MBORES OF ADJOINING PIPE TO BE 
MATCHED WITH IN THE LIMITS 
SPECIFIED IN TABLE 3 

All dimensions in millimetres. 

Fig. 4 Square Butt Joint for Use with Manual Tig-Welding 

with or Without Filler Wire ( For Pipes of Thickness 

up to and Including 2 mm Thick ) 



13 
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ROOT GAP 
+ 1-5 




=130RES OF ADJOINING PIPES 
TO BE MATCHED WITHIN THE 
LIMITS SPECIFIED IN TABLE 3 

All dimensions in millimetres. 

Fig. 5 Single-V Butt Joint Preparations for Use with 

Manual Tig Welding with or Without Filler Wire 

( For Pipes Over 2 mm Thick up to and 

Including 5 mm Thick ) 




M-2T01-5 



L B0RE DIASEE 
TABLE 3 

6A Generally for Pipes up to 19 mm Thick 

All dimensions in millimetres. 

Fig. 6 Butt Joint Preparations for Use with Tig-Welding 

for the Root Run with or Without Filler Wire or with 

Fusible Insert — Contd 



14 
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ISV 1* 




MTOt-2 
ROOT GAP.G 



*~BORE DIA SEE 
TABLE 3 



6B Generally for Pipes 19 mm Thick and Over 




M-2TOV5 
—ROOT GAP,G 



2TOV5 
ROOT GAP f G 



l-BORE DIA SEE TABLE 3 



6C Generally for Pipes up to 
19 mm Thick 



BORE DIA SEE TABLE 3 



6D Generally for Pipes 19 mm 
Thick and Over 



TIG Welded Root Run 




Root Gap G 

J*. 






6A 


6B 


6C 


6D 




mm 


mm 


mm 


mm 


(i) Without insert or filler wire 


Nil 


Nil 


Nil 


Nil 


(ii) Using filler wire 


0-8-3 


0*8-3 


0*8-3 


1-5-3 


(iii) Using fusible insert 


To suit type and make of fusible insert used 



All dimensions in millimetres. 

Fig. 6 Butt Joint Preparations for Use with Tig-Welding for 

the Root Run with or Without Filler Wire or with 

Fusible Insert 
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-BORES OF ADJOINING PIPES 
TO BE MATCHED WITHIN THE 
LIMITS SPECIFIED IN TABLE 3 

7 A Single-V with Root Face 



5T0 6 





7B Single-V Without Root Face 



2£*r 



?T05«! 



o e 

20-30 



2 TO 5 



NORMAL PREPARATION 




5°-7° 1 TO 



PREMISS18LE ALTERNATIVE PREPA- 
RATION FOR VERTICAL OR NEARLY 
VERTICAL PIPE 



7C Double Angle-V 
All dimensions in millimetres. 

Fig. 7 Butt Joint Preparations for Use with Oxy-Acetylene 
Wrlding for the Root Run 
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n) Pre-heat, stress relief 

( Methods, temperature, temperature control methods, ambient 

temperature range ) 
p) Shielding gas and flow rate 

( Composition of gas and flow rate } 
q) Shielding flux 

( Type and size ) 
r) Sketches and tabulations 

( Sketches on separate sheets showing the joint design and weld 

bead sequences, together with tabulations of the data required 

under c, d, e and f above ). 

5.4 Essential Variables — A welding procedure shall be re-established as a 
new procedure specification and shall be completely requalified when any of 
the changes listed below are made in the procedure. Changes other than 
those given below may be made in the procedure without the necessity for 
requaliflcation, provided the specification is revised to show these changes. 

a) Change in welding process 

( From gas to shielded arc welding or vice versa, from one gas or 
one arc welding process to another gas or another arc welding 
process, from manual to semi-automatic to automatic or vice versa 
or combination of processes. 

b) Change in pipe material — From one type to another. 

c) Change in joint design 

( From V-preparation to U-preparation etc; changes in the angle 
of the bevel or land of the welding groove, however, are not 
essential variables of the procedure specification). 

d) Change in position ( for butt welds only ) 

( A change from vertical to horizontal or vice versa ). 

e) Change in pipe size and wall thickness 

( For butt welds, a change from one diameter group-wall thickness 
group to another group ). 

f) Change in filler metal 

g) Decrease in number of. root bead welders 

h) Change in time lapse between root and second bead. 

j) Change in direction 

( Vertical down to vertical up or vice versa). 

k) Change in shielding gas 

( From one gas to another, from one mixture of gases to a different 
mixture of the same gases ). 
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m) Major change in shielding gas flow rate 

( Decrease or increase in flow rate )* 
n) Change in shielding flux 

( Change in type or size of flux particles ). 
p) Major change in speed of travel. 

5.5 Welding of Test Joint — All test welds for welding procedure 
qualification shall be carried out as buttwelds. Two pipe nipples shall be 
joined by following all of the details of the procedure specification, 

5.6 Testing of Welded Joint — Buttwelds, 

5.6,1 Preparation — Test specimens shall be cut from the joint at locations 
shown in Fig. 8. The macro-specimens shall be cut from the part of the 
pipe where welding is most difficult in the position concerned. At this 
stage, the finish of the weld inside the bore shall be examined. The number 
of specimens required to be tested shall be as per Table 4. 

Where backing rings are used, they shall be left in position on macro* 
specimens and in tensile specimens if the tube is tested as a whole. For all 
other tests the backing ring shall be removed. 





8A Outside Diameter not Exceeding 
50 mm 
!. Tensile Specimen 
2. Face Bend Specimen 



8B Outside Diameter Exceeding 
50 mm 

3. Root Bend Specimen 

4. Macro Etch Specimen 



All dimensions in millimetres. 

Fig. 8 Selection of Test Specimens, Butt- Welded 
Tubes and Pipes 

5,6.2 Tensile Test 

5,6*2.1 The specimens shall be approximately 225 mm long and 25 mm 
wide. They may be machine cut or oxygen-cut and no other preparation is 
needed unless the sides are notched or are not parallel. If necessary the 
specimens shall be machined so that the sides are smooth and parallel 
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TABLE 4 TEST PIECE REQUIREMENTS 

( Clause 5.6.1 ) 

Outside Diameter Transverse Face Bend Root Bend Macro Etch 

of Tube Tensile Test Test Test 

Test 

Up to and including 

50 mm 1* — 2 1 

Over 50 mm 2 13 1 

•Where necessary the tensile test piece for small tubes will be the welded tube v,s a 
whole. In such cases a second Lest piece will be required to provide the bend and micro 
specimens. 

5.6*2.2 Method — The test specimen shall be tested in teasioi in 
accordance with IS : 1608-1972*. 

5.6.2.3 Requirements — The tensile strength of the weld includirg the 
fusion zone of each specimen shall be equal to or greater than the specified 
minimum tensile strength of the pipe material but need not be eqial or 
greater than the actual tensile strength of the pipe material. If the specimen 
breaks outside the weld or fusion zone and the observed strength is not less 
than 95 percent of the specified minimum tensile strength of the pipe 
material, then the test shall be accepted as meeting the requirements. 

If any of the specimens breaks outside the weld fusion zone and the 
observed strength is less than 95 percent of the specified minimum tensile 
strength of the pipe material then an equal number of additional specimens 
shall be cut from the weld and subjected to the tensile test. If any of the 
additional specimens breaks outside the weld or fusion zone and the observ- 
ed strength is also below the limit indicated above then the test weld shall 
be rejected and a new test weld shall be made. 

5.6.3 Root and Face Bend Test 

5.6.3.1 Preparation — The specimens shall have the following widths: 
Outside diameter of tube $ 

not exceeding 50 mm / + -y^ 



Outside diameter of tube ^ 

20 



exceeding 50 mm / + 

( maximum width 38 mm ) 

where 

t — wall thickness of pipe, mm 
D = outside diameter, mm. 



•Method for tensile testing of steel products ( first revision ). 
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Bend test specimens shall be cut with their edges parallel ( Fig. 9 ), 
and shall have their corners dressed to a radius of about 1*5 mm. The 
weld reinforcement shall be removed to give a smooth surface flush with the 
surface of the tube. The surface of the specimen shall be smooth and any 
scratches which exist shall be light and transverse to the weld. 



■R 1-5mm 




SIDES PARALLEL 

Fig. 9 Bend Test Specimen, Butt- Welded Tubes and Pipes 

5.6.3.2 Method— Bend tests shall be conducted in accordance with 
IS : 1599-1974* over a mandrel diameter as described below: 

Minimum tensile strength, MPa Diameter of Former 

Under 494 3 / 

From 494 up to and including 554 4 t 

555 and above 5 t 

( t = thickness of pipewall in mm ) 

5.6.3.3 Requirements — The bend test shall be considered acceptable if 
no crack or other defect exceeding 3*17 mm or £ nominal wall thickness, 
whichever is smaller, in any direction is present in the weld or between the 
weld and the fusion zone after bending. Cracks which originate along the 
edges of the specimen during testing and which are less than 6*35 mm 
measured in any direction shall not be considered unless obvious defects are 
observed. Each specimen subjected to the bend test shall meet these 
requirements. 

5.6.4 Macro-Etch Test — Macro- Etch test shall be carried out in 
accordance with IS : 3600 ( Part I )-1973-(\ > 

5.6.5 Impact Tests at Sub-zero Temperatures — For pipelines to be used 
at sub-zero temperatures, a low temperature charpy impact test is to be 
conducted using a set of three specimens keeping the notch at the centre of 
the weld. The specimens shall be machined to the dimesions given in 
IS : 1757-1961$ and the impact test conducted using an approved charpy 

♦Method for bend test for steel products other than sheet, strip, wire and tube {first 
revision ) . 

fCode of procedure for testing fusion welded joints and weld metal in steel: Parti 
General tests (first revision ). 

{Method for beam impact test ( V-notch ) on steel (first revision ) . 
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impact machines. The values obtained should not be less than that 
required for the parent material at the test temperature. 

5.7 Limits of Application of Tests 

5,7.1 Test Material — Test specimens shall be made from steels similar 
to be used in production welds. The test material shall have a chemical 
composition approximating to the most unfavourable analysis from the 
weldability point of view permitted by the steel specification. 

Where plain carbon and low alloy steel are used, the material for test 
specimens and for production shall fall within the limits of one of the 
following types : 

Type 1 Percent 
Maximum specified carbon not exceeding 0*23 

Maximum specified manganese not exceeding 1*5 

Residual elements not exceeding 0-8 

( whether accidental or deliberate) 

Type 2 

Steels exceeding the limits of Type 1 but within the following limits 
of laddie analysis : 

Percent 

Maximum specified carbon not exceeding 0*23 

Maximum specified manganese not exceeding 1*5 

Maximum specified chromium not exceeding 0'5 

Maximum specified molybdenum not exceeding 0*6 

Maximum specified vanadium not exceeding 012 

Residual or other elements not exceeding 0-8 

Type 3 

Steels with maximum specified carbon content as Type 2 but within 
the following limits of laddie analysis: 

Percent 

Maximum specified chromium not exceeding 1*5 

Maximum specified molybdenum not exceeding 1*5 

Maximum specified vanadium not exceeding 0*16 

Residual or other elements not exceeding 0*8 
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Successful test with one type will provide approval without further 
tests for material of any of the preceding types. 

5.7.2 Thickness of Test Specimens — For metal-arc welding, a procedure 
qualification test made on thickness '/' of the test piece shall give approval 
for thickness in the range 075 t — 1*5 t. For oxy-acetylene welding, the 
test piece thickness shall be the maximum thickness for which the procedure 
qualification will be valid. 

5.7.3 Diameter of Test Specimens 

a) Pipes up to and including 43 mm outside diameter 

A procedure qualification test made on a pipe of outside diameter 
43 mm or less shall give approval for the range up to and including 
43 mm outside diameter. 

b) Pipes over 43 mm outside diameter up to and including 114 mm 
outside diameter 

A procedure qualification test made on pipe with a test piece 
taking a diameter greater than 43 mm but not more than 1 14 mm 
shall give approval for the entire range 43-114 mm. 

c) Pipes over 114 mm outside diameter 

A procedure qualification test made on pipe having an outside 
diameter not less than 139 mm shall give approval for the range 
above 114 mm. In no case the test piece need to have an outside 
diameter greater than 245 mm. 

5.7.4 Welding Position 

a) Horizontal piper rolled through 360° or turned through 180° 

To be approved in this position the test weld shall be made using 
180° turn manipulation. 

b) Pipes in a fixed position within 20° of the horizontal 

To be approved in this position the test weld shall be made with 
pipes fixed horizontally. 

c) Pipes in a fixed position within 20° of the vertical 

To be approved in this position the test weld shall be made with 
pipes fixed vertically. 

d) Pipes in a fixed inclined between 20° and 70* to the horizontal 

To be approved in this position the test weld shall be made with 
pipes fixed at an angle of 45° to the horizontal. 

5.7.4.1 Approval in position (b) shall be considered as including 
approval under position (a). 

5.7.4.2 Approval in positions (b) and (c) shall be considered as 
including approval in all positions. 
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5.7.4,3 Approval in position (d) shall be considered as including 
approval in all positions. 

5.8 Exemption From Tests — Where a manufacturer can furnish proof *to. 
the satisfaction, of the purchaser or the inspecting authority, that he has 
made successful procedure qualification tests or successfully undertaken 
fabrication of similar nature in respect of method, filler metal and thickness 
within previous three years in accordance with the requirements of this 
standard, he shall be exempted from the' necessity of requaiifying under the 
requirements of this standard within the range covered by the previous 
tests. 

6. WELDER QUALIFICATION 

6.1 General — Where a manufacturing firm can furnish proof, satisfactory 
to the customer in conjunction with *the inspection authority, that all welders 
assigned to manual or machine welding jobs of similar nature have pre- 
viously made competence qualification tests for the type of work and 
procedure concerned, or have also been successfully engaged in the welding 
of similar nature, then all such welders may be exempt from the necessity of 
requaiifying under these rules so long as the welders remain in the employ- 
ment of the same manufacturer; where such proof is not forthcoming 
welders assigned to manual or machine welding of similar jobs should have 
successfully passed the welder's competence test for the type of works 
procedure concerned. 

6.1.1 The required tests should be repeated if in the course of the pre- 
vious 6 months the records of the welder show unsatisfactory production 
work, or if the welder has not been employed by the same manufacturer on 
the same type of work for a period of 6 months or more. 

6.1.2 The competence qualification tests of a welder, accepted by one 
inspecting authority may be accepted by other inspecting authorities as 
long as the welder remains in the employment of the same manufacturer. 

6.2 Method 

6.2.1 The welder shall first make a butt weld with desired pipes in the 
position as laid down in the procedure specification without a backing 
strip. The weld shall be acceptable if it meets the requirements of 6.4, and 
either 6.5 or 6.6. Specimens may be removed from the test weld as given 
in Fig. 8. 

6.2.2 The second qualification test shall consist of the welder laying out, 
butting, fitting and welding a full size branch on pipe connection. The 
weld must exhibit complete penetration around the entire circumference. 
Completed root beads shall not contain any burn through exceeding 6 mm. 
The sum of the maximum dimensions of separate unrepaired burn through 
in any continuous 300 mm of weld length shall not exceed 12 mm. The 
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weld shall be made with the run pipe axis in the horizontal position and 
the branch pipe axis extending vertically downward from the run. The 
finished weld shall exhibit a neat and uniform workmanship. Four 
macrographs shall be taken on sections taken on right angles which shall 
meet the requirements as prescribed in 5.6.4. 

6.3 Scope of Welder Qualification 

6.3.1 Pipes up to and including 60 mm Outside Diameter and of any 
Thickness Buttwelds — To qualify in this range the test pipe or pipes shall 
have an outside diameter of 34 mm minimum and 43 mm maximum and 
thickness of 4*7 mm minimum and 10 mm maximum respectively. 

6.3.2 Pipes over 60 mm Outside Diameter Buttwelds — To qualify in this 
range the test pipe or pipes shall be not less than 168 mm in outside dia- 
meter. A welder who satisfactorily completes this test shall be qualified to 
weld pipes of thickness up to and including twice the thickness of the pipe 
on which he was tested, except that a test carried out on a pipe 25 mm thick 
or thicker shall qualify the welder for welding any thickness. 

6.3.3 Tests may also be made on pipes of the sizes to be used on the 
contract in which case a welder shall be qualified to weld pipes of thick- 
nesses 0-75 to 1*5 / where t is the thickness of pipe welded. 

6.3.4 For test on branch connections and bosses, pipes having nominal 
diameter of at least 150 mm and a wall thickness of at least 6 mm are to be 
used. 

6.3.5 A welder qualification test made in position as per 5.7.4 (b) shall be 
considered as including qualification under 5.7.4 (a). 

Welder qualifications in the positions as under 5.7.4 (b) and (c) shall 
be considered as qualification for welding in all positions except pipes fixed 
between 20-70°C to the horizontal. 

Welder qualification in position described under 5.7.4 (d) shall be 
considered as qualification for welding in all positions without exception. 

6.3.6 The welder has to be requalified if any of the following changes is 
made in the welding procedure specification. 

a) A change from one welding process to any other welding process 
or combination of welding processes. 

b) A change in the direction of welding from vertical up to vertical 
down or vice-versa. 

c) A change in filler metal from one classification group to another 
classification group. 
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6.4 Visual Examination 

6.4.1 The weld must be free of cracks, inadequate penetration, unrepaired 
burn through and other defects and it must present a neat workman like 
appearance. Undercutting adjacent to the final bead on the outside of the 
pipe shall not exceed 0*8 mm in depth or i2| percent of the pipewall 
thickness whichever is smaller and there shall be not more than 50 mm of 
undercutting in any continuous 300 length of weld. 

6.4.2 When automatic or semi-automatic welding is used, filler wire 
protruding into the inside of the pipe shall be held to a minimum. 

6.4.3 Failure to meet the requirements of visual examination shall be 
adequate cause to eliminate additional testing. 

6.5 Welder Qualification by Destructive Testing 

6.5.1 Sampling of Test Welds — Buttwelds — Specimens shall be cut from 
each test weld as in Fig. 8. Only bend tests and macro examinations are to 
be carried out. 

6.5.2 Bend Test and Macro Examination Procedure — Buttwelds — The 
specimens shall be prepared and tests made as described in 5.6.3 and 5.6.4 
for procedure qualification tests. 

6.5.3 Bend Test Requirements —Buttwelds — It any specimen shows defects 
exceeding those permitted in 5.6.3.3 the welder shall be disqualified. 

Should one of the bend test specimens fail to meet these requirements 
and if it is held that the lack of penetration occurring is not representative 
of the weld, the test specimen maybe replaced by an additional specimen 
cut adjacent to the one that failed. The welder shall be disqualified if the 
additional specimen also shows defects exceeding the specified limits. 

6.5.4 Macro Examination — Buttwelds — The specimen should meet the 
requirements of 5.6.4. 

6.5.5 Where qualification is for welding of low temperature piping a low 
temperature impact test is to be conducted as per requirement under 5.6.5, 

6.6 Welder Qualification by Radiography — Buttwelds only — At the option 
of the manufacturer the test weld may be examined by radiographic 
inspection in lieu of the tests specified in 6.5 except for piping for cryogenic 
services where sub-zero impact test as per requirement undeir 5.6.5 shall 
also be required. 

6.6.1 Radiographic Inspection of Test Welds — Radiographs shall be made 
of each of the test welds. The welder shall be disqualified if any of his test 
welds does not meet the requirements of 9. 
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6,6.2 Radiographic inspection shall not be used for the purpose of 
locating sound areas or areas containing discontinuities and thereafter 
making destructive tests of such areas to qualify or disqualify a welder. 

6.7 Retest — If in the mutual opinion of the purchaser, inspection authority 
and the fabricator, failure of a welder to pass the test was because of 
unavoidable conditions beyond his control, such a welder may be given a 
second opportunity to qualify. No further retest shall be given until the 
welder has submitted proof of subsequent welder training acceptable to the 
purchaser. 

6.8 Records of Qualified Welders — A record shall be made of the tests 
given to each welder and of the detailed results of each test shall be 
maintained in the form given in Appendix C. A list of qualified welders and 
the procedures in which they are qualified shall be maintained. A welder 
may be required to requalify if there is a question about his ability. 

7. DESIGN AND PREPARATION OF JOINTS FOR PRODUCTION 
WELDING 

7.1 The welding of piping in accordance with this standard shall be 
performed by qualified welders using qualified procedures. The surfaces 
to be welded shall be smooth, uniform, free of fins, laminations, tears, scale, 
slag, grease, paint and other deleterious material which might adversely 
affect the welding. The joint design and spacing between abutting ends 
shall be in accordance with the welding procedure specification to be used. 

7.2 Alignment — The alignment of the abutting ends shall be such as to 
minimise the offset between surfaces. For pipe of the same nominal wall 
thickness the offset shall hot exceed 1*5 mm. For non-critical services 
offsets up to 3 mm may be permitted, provided it is caused by dimensional 
variations and shall be equally distributed around the circumference of the 
pipe. 

7.3 Use of Line-up Clamp-Buttwelds — Line-up clamps shall be used in 
accordance with the procedure specification. When it is permissible to 
remove the line-up clamp before completion of the root bead, the completed 
part of this bead shall be in approximately equal segments and these shall 
be equally spaced arouiid the circumference of the bead. However, when 
an internal line-up clamp is used and conditions make it difficult to prevent 
movement of the pipe or if the weld will be unduly stressed the root bead 
shall be completed before releasing the clamp tension. Root bead segments 
used in connection with external clamps shall be uniformly spaced around 
the circumference of the pipe and shall have an accumulative length of not 
less than 50 percent of the pipe circumference before the clamp may be 
removed. 
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7.4 Bevel 

7.4.1 Mill Bevel — Pipe ends shall be provided with mill bevel conforming 
the joint design used in the welding procedure specification. 

7*4.2 Field Bevel — Pipe ends should be field bevelled by machine tool or 
machine oxygen cutting.^ Manual oxygen cutting may also be used if so 
authorised by the purchaser. The bevelled ends shall be in accordance with 
the qualified welding procedure. 

7.5 Weather Conditions — Welding shall not be done when the quality of 
the completed weld would be impaired by the prevailing weather conditions, 
including but not limited to air borne moisture, blowing sand or high winds. 
Wind-Shields may be used when practical. The purchaser shall decide if 
weather conditions are suitable for welding. 

7.6 Clearance — When the pipe is welded above ground level, the working 
clearance around the pipe at the weld should not be less than 400 mm. 
When the pipe is welded in trench, the area around the joint to be welded 
shall be cleared to provide the welders adequate accessibility to the joints. 

7.7 Cleaning Between Beads — Scale and slag shall be removed from each 
bead and groove. Cleaning may be done with either hand or power tools. 

7.7.1 When automatic or semi-automatic welding is used, clusters of 
surface porosity, bead starts and high points shall be removed by grinding 
prior to depositing weld metal over them. 

7.8 Position Welding 

7.8.1 Welding Procedure — All position welds shall be made with the parts 
to be joined secured against movement and with adequate clearance around 
the joint to allow the welder or welders space in which to work. 

7.8.2 Filler and Finish Beads — The number of beads shall be such that 
the completed weld shall have a substantially uniform cross-section around 
the entire circumference of the pipe. At no point shall the crown surface 
be below the outside surface of the pipe, nor should it be raised above the 
parent metal by more than 1-5 mm. After the root bead has been completed, 
it is recommended and may be made compulsory in critical services to add 
the second bead immediately, after which the specified number of beads 
may be made to complete the weld. 

7.8.2.1 Two beads shall not be started at the same location. The face 
of the completed weld should be approximately 3 mm greater than the 
width of the original groove. The completed weld shall be thoroughly 
brushed and cleaned. 
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7.9 Roll Welding* 

7.9.1 Maintaining Alignment — At the option of the purchaser, roll 
welding may be permitted, provided alignment is maintained by use of skids 
or structural framework having an adequate number of roller dollies to 
prevent sag in the supported lengths of pipe, 

7.9.2 Filler and Finish Beads —The number of filler and finish beads 
shall be such that the completed weld shall have a substantially uniform 
cross-section around the entire circumference of the pipe. At no point shall 
the crown surface be below the outside surface of the pipe nor should it be 
raised above the parent by more than 1*5 mm. 

7.9.2.1 The face of the completed weld should be approximately 3 mm 
wider than the width of the original groove. As the welding progresses, 
the pipe shall be rolled to maintain welding at or near the top of the pipe. 
The completed weld shall be thoroughly brushed and cleaned. 

7.10 Identification of Welds — Each welder shall identify his work in the 
manner prescribed belo v. 

7.10.1 Welds on Mild Steel ( up to and including 0*25 percent carbon ) — 
On completion of a weld, the welding operator shall stamp his identification 
mark on the pipe adjacent to the completed weld. This mark shall be made 
in two places^ 180° apart and shall be circled with white paint. 

7.10.2 Welds on Alloy Steels, Carbon Steels having Carbon Content 
Over Q-25 Percent — The pipework shall not be hard marked. The welder 
shall stamp his identification mark on the identification strap attached to 
the pipe work. 

7.11 Preheat and Stress Relief — The qualified welding procedure shall 
specify the preheating and stress relieving practices which are to be followed 
when materials or wheather conditions make either or both of them neces- 
sary ( see Appendix D and E for recommendations on pre-heating, and 
interpass temperatures and post-weld heat treatments ). 

8. INSPECTION AND TESTING OF PRODUCTION WELDS 

8.1 Rights of Inspection — The Inspecting Authority shall have the right 
to inspect welds by non-destructive methods or by removing welds and 
subjecting them to mechanical tests as per purchase specification. The 
inspection may be made during the welding or after the welding has been 
completed. The frequency of inspection shall be as specified by the 
Inspecting Authority. 

8.2 Methods of Inspection — Inspection shall be carried out generally in 
accordance with IS : 822-19701V Non-destructive testing may consist of 

•Not to be confused with the roll welding process ( s«$ IS : 812-1957 ). 
f Code of procedure for inspection of welds. 
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radiographic inspection or any other methods specified by the purchaser. 
The welds may also be examined by destructive means and the specimens in 
such case shall be prepared and meet the requirement of 6.5, 

9. ACCEPTANCE CRITERIA NON-DESTRUCTIVE TESTING 

9.1 Introduction — The acceptance criteria are applicable to the determina- 
tion of the size and type of defects located by radiography and other non- 
destructive test methods. They may also be applied to visual inspection. 
They shall not be used to determine the quality of welds which are 
subjected to destructive testing. Irregularities which are detected by 
radiography or other nondestructive tests shall also be reported. 

9*2 Rights of Rejection — Since non-destructive test methods give two 
dimensional results only, the Inspecting Authority may reject welds which 
appear to meet these standards of acceptance if in its opinion the depth of 
defect may be detrimental to the strength of the weld. 

9,3 Inadequate Penetration and Incomplete Fusion 

9.3.1 Inadequate Penetration of Weld Root — Inadequate penetration 
without high low present, is defined as the incomplete filling of the weld root. 
A schematic representation of this condition is given in Fig. 10. Any 
individual condition due to this type of inadequate penetration shall not 
exceed 12 mm. The total length of such condition in any 300 mm length 
of weld shall not exceed 25 mm. If the weld is less than 300 mm long, then 
the total length of such condition shall not exceed 8 percent of the weld 
length. 

ONE OR BOTH BEVELS 
MAY BE INADEQUATELY 
FILLED AT INSIDE 
SURFACE 

NO HIGH- LOW x 

AT ROOT V. NOTE INCOMPLEtE 

filling at root 
Fig. 10 Inadequate Penetration of Weld Groove 

9.3.2 Inadequate Penetration Due to High-low ( Misalignment ) — High-low 
is defined as a condition where the pipe and/or fitting surfaces are misaligned. 
This situation is schematically shown by Fig. 1 1 . High-low is not objection- 
able provided that the root of adjacent pipe and/or fitting joints is completely 
fused by weld rnetal. When one edge of the root is exposed) ( or unhanded ), 
the length of this condition shall not exceed 50 mm in individual locations 
or 75 mm in any continuous 300 mm length of weld. 
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NOTE HIGH-LOW 
AT ROOT 



NOTE INCOMPLETE 
FILLING AT ROOT ON 
ONE SIDE ONLY 




^BOTH SIDES COMPLETELY 
TIED IN BY WELD METAL 



Fig, 11 Inadequate Penetration Due to High-Low 

9.3.3 Root Concavity — The density of radiographic image associated with 
root concavity shall not exceed that of the adjacent base metal. The length 
of root concavity is not a factor for consideration when determining 
acceptability of this condition ( Fig. 12 ). 




&OOT BEAD FUSED TO BOTH 
INSIDE SURFACES BUT CENTER 
OF ROOT PASS SLIGHTLY BELOW 
INSIDE SURFACE OF PIPE 

Fig. 12 Inadequate Penetration Due to Internal Concavity 

9.3.4 Incomplete Fusion — Incomplete fusion at the root of the joint or at 
the top of the joint between the weld metal and the base metal ( see Fig. 13 ) 
shall not exceed 12 mm in length. The total length of such condition in any 
300 mm length of weld metal shall not exceed 25 mm. If the weld is less 
than 300 mm long, then the total length of such conditions shall not exceed 
8 percent of the weld length. 




£N0TE ABSENCE OF BOND AND THAT 
DISCONTINUITY IS SURFACE CONNECTED 

Fig. 13 Incomplete Fusion at Root of Bead or Top of the Joint 

9,3.5 Incomplete Fusion due to Cold Lap — Incomplete fusion due to cold 
lap is a discontinuity between two adjacent weld beads or between a weld 
bead and the base metal. For the purpose of this standard, incomplete 
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fusion due to cold lap is a sub-surface discontinuity and thus differs from 
incomplete fusion referred to in 9.3,4. Incomplete fusion due to cold lap is 
schematically depicted in Fig. 14. Individual incomplete fusion due to cold 
lap discontinuities shall not exceed 50 mm length. The total length of in- 
complete fusion due to cold-lap in any continuous 300 mm length of weld 
shall not exceed 50 mm. 




COLD LAP BETWEEN 
ADJACENT BEADS —J 



COLD LAP BETWEEN WELD 
BEAD AND BASE METAL 



Note — Cold lap is not surface connected. 

Fig. 14 Incomplete Fusion Due to Cold Lap 

9.4 Burn Through — A burn through is that portion of the root bead where 
excessive penetration has caused the weld puddle to be blown into the pipe. 

9.4.1 For Pipes of Outside Diameter 50 mm and Larger — Any unrepaired 
burn through shall not exceed 6 mm or the thickness of the pipe wall, 
whichever is smaller in any dimension. The sum of the maximum dimen- 
sions of separate unrepaired burn through in any continuous 300 mm length 
of weld shall not exceed 12 mm. Radiographs of repaired burn throughs 
shall show that these have been properly repaired. 

9.4.2 For Pipes of Outside Diameter less than 50 mm — Not more than one 
unrepaired burn through is permissible and it shall not exceed 6 mm or thick- 
ness of the pipe wall, whichever is smaller, in any dimension. Radiographs 
of repaired burn throughs shall show that these have been properly repaired. 

9.5 Slag Inclusions 

9.5.1 Elongated Slag Inclusions 

9.5.1.1 For pipes of oustide diameter 50 mm and larger — Any elongated 
slag inclusions shall not exceed 50 mm in length and 1*5 mm in width. The 
total length of elongated slag inclusions in any 300 mm continuous length 
of weld shall not exceed 50 mm. Parallel slag lines shall be considered as 
separate conditions if the width of either of them exceeds 0*6 mm. 

9.5.1.2 For pipes of outside diameter less than 50 mm — Individual slag 
inclusions shall not exceed 1*5 mm in width or three times the nominal wall 
thickness in length. Parallel slag lines shall be considered as separate 
conditions if the width of either one of them exceeds 06 mm. 

9.5.2 Isolated Slag Inclusions 

9,5,2.1 For pipes of 50 mm outside diameter and larger — The maximum 
width of any isolated slag inclusions shall not exceed 3 mm. The total 
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length of isolated slag inclusions in any 300 mm length of weld shall not 
exceed 12 mm nor shall there be more than four isolated slag inclusions of 
the maximum width of 3 mm in this length. 

9.5.2.2 For pipe less than 50 mm outside diameter — The maximum 
width of isolated slag inclusions shall not exceed f the nominal wall thickness 
and the total length of such inclusions shall not exceed twice the nominal 
wall thickness. 

9.6 Porosity 

9.6.1 Spherical Porosity — The maximum dimension of any individual 
spherical gas pocket shall not exceed 3 mm or 25 percent of the pipe wall 
thickness, whichever is less. The maximum distribution of spherical poro- 
sites shall not exceed that shown in Fig. 15 or Fig. 16. 

9.6.2 Cluster Porosity — - Cluster porosity which occurs in the finish pass 
shall not exceed an area 12 mm diameter with the maximum dimensions of 
any individual gas pocket within the cluster not exceeding 1'5 mm. The 
total length of cluster porosity in any continuous 300 mm length of weld 
shall not exceed 12 mm. Cluster porosity occurring in all other passes shall 
comply with 9.6.1. 

9.6.3 Piping ( Worm Hole ) — Piping ( worm bole ) is an elongated 
discontinuity which results when the gas rises through the solidifying weld 
metal. The maximum dimension of the radiographic image associated with 
worm hole porosity shall not exceed 3 mm or 25 percent of the pipe wall 
thickness, whichever is the lesser. The maximum distribution of worm hole 
porosity shall not exceed that shown in Fig. 15, The orientation of this 
discontinuity will substantially affect the density of the radiographic image, 
and when applying these limits, consideration shall be given to the provision 
of 9.2. 

9.6.4 Hollow Bead — Hollow bead is elongated linear porosity occurring 
in the root pass. The maximum length of this discontinuity shall not 
exceed 12 mm. The total length of hollow bead in any continuous 300 mm 
length of weld metal shall not exceed 50 mm, and individual adjacent dis- 
continuity exceeding 6 mm in length shall be separated by at least 50 mm of 
sound weld metal 

9.7 Cracks — Shallow crater cracks or star cracks which are located at the 
stopping point of weld beads and which are the result of weld metal cont- 
raction during solidification are not considered injurious defects unless their 
length exceeds 4 mm. With the exception of these shallow crater cracks, no 
weld containing cracks, regardless of size or location, shall be acceptable. 

9.8 Accumulation of Discontinuities — Excluding high-low condition, any 
accumulation of discontinuities having a total length of more than 50 mm 
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in a continuous weld length of 300 mm or more than 8 percent of a con- 
tinuous weld length if the total weld length is less than 300 mm in length is 
unacceptable. Any accumulation of discontinuities which total to more than 
8 percent of the weld length associated with an entire joint is unacceptable. 

9.9 Undercutting — Undercutting is the burning away of the side walls of 
the welding groove at the edge of a layer of weld metal, or the reduction in 
the thickness of the pipe wall adjacent to the weld and where it is fused to 
the surface of the pipe. 

Undercutting adjacent to the cover ( finishing ) bead on the outside of 
the pipe shall not be V-shaped nor shall it exceed 08 mm or 12£ percent of 
the pipe wall thickness, whichever is the smaller. Undercutting adjacent to 
the root bead on the inside of the pipe shall not exceed 50 mm in length 
or 1/6 of the length of the weld, whichever is smaller. 

9.10 Defects in Pipes and Fittings — Laminations, split ends or other 
defects in the pipe shall be repaired or removed as required by the 
purchaser. 

10. REPAIR OR REMOVAL OF DEFECTS 

10.1 Authorisation for Repairs of Defects Except Cracks — Defects, except 
cracks in the root beads, filler beads and finishing passes may be repaired 
with prior authorisation. All repairs shall meet the requirements of 9 of 
this standard, 

10.2 Removal and Repair of Defects — Before repairs are made, injurious 
defects shall be entirely removed to clean metal. Defects shall be removed 
by one or more of the methods like chipping, grinding, machining, thermal 
cutting or thermal gauging, as applicable. Preheating as per procedure 
specification shall be employed. All slag and scale shall be removed by wire 
brushing. 

10.3 Testing of Repairs — Such repaired areas shall be re-radiographed, or 
inspected by the same means previously used. No further repairs shall be 
allowed in these areas. 

A repaired weld may also be re-inspected in the same manner as is 
applicable to any production weld. 

10.4 Repair of Cracks — Cracked welds shall be removed from the line 
unless a repair is authorised. Such weld cracks may be repaired provided: 

a) The crack is less than 8 percent of the weld length. 

b) A complete repair procedure has been developed and documented. 
The repair procedure shall include: 

i) Method of exploration of the crack area 
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ii) Method of crack removal 
iii) Preheat and interpass temperature requirement 
iv) Welding procedure and type of electrodes 

v) Interpass non-destructive inspection requirements 
vi) Post-heat treatment. 

c) The repair is made under the supervision of a technician 
experienced in repair welding techniques* 

d) The weld is made by a qualified welder. 

e) The repair groove is examined by a magnetic particle or dye 
penetrant test to assure complete removal of the crack. 

11. RADIOGRAPHY 

11.1 Radiography shall be carried out as per IS : 4853-1968*. 

APPENDIX A 

(Clause 5.2) 
PROCEDURE QUALIFICATION RECORD 

( Recommended Proforma ) 



Procedure Qualification Record No : 


Date : 




W.P.S. No: 






V/elding Process(es) : 


Types : 






Manual Automatic 


Semi- 

Automatic 


Joints 


Base Metals 

Material Specification : 

Type or Grade : 




Groove Design Used : 


Thickness : 
Diameter : 
Others : 











•Recommended practice for radiographic examination of fusion welded circumferential 
joints in steel pipes. 

{Contintud) 

36 



IS: 10234 -1982 



APPENDIX A 

PROCEDURE QUALIFICATION RECORD — Contd 



Filler Metals 
Weld Metal Analysis : 
Size of Electrode : 
Filler Metal Specification 


Position 

Position of Groove 

Weld Progression : 

Up Hill or Down Hill 
Others : 


Preheat 

Preheat Temp. : 
Interpass Temp. : 
Others : 


Post-Weld Heat Treatment 
Temperature : 
Time : 
Others : 


Gas 

Type of Gas or Gases 
Composition of Gas Mixture 
Others : 


Electricdi Characteristics 
Current : 
Polarity : 

Amps : Volts : 
Travel Speed : 
Others : 


Technique 

String or Weave Bead ; 
Multipass or Single Pass : 
Per Side 

Single or Multiple Electrodes : 


TENSILE TEST 


Specimen Width Thick- 
No. ness 


Area Ultimate Ultimate Character of 
Total Tensile Failure & 



Load Strength Location 
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APPENDIX A 

PROCEDURE QUALIFICATION RECORD — Contd 

BEND TESTS 
Type Result Type Result 



MACRO-ETCH TEST 



Specimen No. Etchant Result 



TOUGHNESS TEST 



Specimen No. Notch Location Notch Type Test Impact 

Tempera- Values 



ture 



Prepared by : 
Approved by 
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APPENDIX B 

( Clause 5.3 ) 

WELDING PROCEDURE SPECIFICATION 

( Recommended Pro forma ) 

Standard Procedure Specification No. 

For Welding of Pipe & Fittings 

A. Process ; 

B. Material : • 

C. Diameter and Wall Thickness : 

D. Joint Design : 

E. Filler Metal & Number of Beads : 

F. Electrical or Flame Characteristics : 

G. Position : ••■■•'•• 

H. Direction of Welding : 

I. Number of Welders : + 

J. Time Lapse Between Passes : 

K. Type of Line-up Clamp : 

L. Removal of Line-up Clamp : 

M. Cleaning : 

N. Preheat; Stress Relief -•. 

O, Shielding Gas & Flow Rate : 

P. Shielding Flux : 

Q. Speed of Travel : - 

R. Sketches & Tabulations ( to be attached see Page 40 ) 

Tested : Welder ; 

Approved : Welding Supervisor : 

Adopted : Chief Engineer : ; 

( Continued ) 
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APPENDIX B 

WELDING PROCEDURE SPECIFICATION — Contd 



r?^«« 



0-8 T0 1-5 




APPROX.,-5 - - V5± °-* 

STANDARD V BEVEL BUTT JOINT 



APPRO X. 3 




SEQUENCE OF BEADS 
All dimensions in millimetres. 

ELECTRODE SIZE AND NUMBER OF BEADS 



Pipe Wall 


2*5 mm 3*15 mm 


4*0 mm 5*0 mm 6*3 mm Total 


Thickness 


Electrode Electrode 


Electrode Electrode Electrode Num- 
ber of 
Beads 



VOLTAGE and AMPEARAGE RANGE 
Electrode Diameter Ampearage Arc Volts 
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APPENDIX C 

( Clause 6.8 ) 

WELDER QUALIFICATION RECORD 

( Recommended Proforma ) 



Welder Name : 


Check No, : 


Welding Process : 


Type 


In accordance with WPS : 




Backing : 




Material Specification : 




Thickness Range : 


Dia Range : 


Filler Metal Specification : 




Others : 




Position : 




Electrical Characteristics 


Current Polarity 


Weld Progression 





FOR INFORMATION ONLY 

Filler Diameter and Trade Name.: 

Flux for Submerged-Arc or Gas for Inert-Gas Shielded 
Arc Welding : 



BEND TEST 



Type 



Result 



Type 



Result 
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APPENDIX C 

WELDER QUALIFICATION RECORD — Contd 



MACRO-ETCH TEST 



Specimen No. 



Etchant 



Result 



TOUGHNESS TEST 



Specimen 


Notch 


Notch 


Test 


Impact 


No. 


Location 


Type 


Tempera- 
ture 


Values 



RADIOGRAPHIC TESTS 



Radiographic Results for alternative qualification of 
groove welds by radiography : 



Test Conducted by Laboratory and Test Report No 



Prepared by : 
Approved by 
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APPENDIX D 

(Clause 7.11) 

RECOMMENDED PREHEAT AND INTERPASS 
TEMPERATURES, °C 



Process 


Shielded 


Tungsten 


Submerged- 


Oxy- 




Metal*Arc 


Inert-Gas 


Arc Weld- 


Acetylene 




Welding 


Process 


ing Process 


Process 




Powers 




and Gas 

shielded 

Metal-Arc 

Welding 




Material 






Process 




Mild steel up to 


No preheat 


No 


No 


No 


and including 


up to but not 


preheat 


preheat 


preheat 


0-25 C 


including 20 mm 






Carbon steel 


100—150 


100—150 


100—150 


100—150 


over 0-25 C 










up to and 










including 040 C 










1 Cr \ Mo 


150—200 


100—150 


150—200 


150—200 


1± Cr i Mo 










iCriMoi V 










2JCrl Mo 


200—300 


100—150 


200—300 


— 


5 Cr i Mo 


200—300 


100-150 


300—430 


— 


7 Cr i Mo 










9 Cr 1 Mo 










3JNi 


150—200 


100—150 


100—150 


— 
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APPENDIX E 

(Clause 4.2.1,4.2-2, 7.11) 
RECOMMENDED POST WELD HEAT TREATMENT 



Material 



Carbon steel, 

025% CMax{ below 

20 mm Thick) 

Carbon Steei ( 20 mm Thick 
and over and all thickness 
where carbon content 
exceeds e 25% C) 

1 Cr i Mo and 
lJCr JMo 

2i Cr 1 Mo** 



Heat 

Treatment 

Temperature, C C 



Time at 

Temperature 

per 25 mm 

Thickness 



Post- Weld Heat Treatment not required 



630—670 



630—670 



1 hour 

( Min % hour ) 



1 hour* 

( Min \ hour ) 

1 hour 
{Min 1 hour) 

1 hour§ 

( Min 1 hour ) 

1 hour* 

( M in 1 hour ) 

1 hour* 

( Min 1 hour ) 

1 hour* 
{Min 1 hour) 

1 hour 

{Min 1 hour) 
Post-Weld heat Treatment not required. 

♦These times are for welds only. Where the treatment is a furnace tempering of a 
manipulated pipe the time should be 2 hours for each 25 mm thickness with a minimum 
of 2 hours. 

**The heat treatment temperature shall not exceed the tempering for the parent 
material. 

f For optimum creep properties. 

{For softening welded joints. 

§Furnace tempering for manipulated pipes should be for 3 hours irrespective of 
thickness. 



i Cr i Mo i V 

SCrJMo** 

7Cr£Mo** 

9 Cr 1 Mo** 

3JNi 

9Ni 



660— 690f 
700— 750* 

670—710 



600— 690t 
725—760$ 

660-690f 
725— 760$ 

660— 690t 
725—760$ 

590—620 
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